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Abst rac t - -Th is  note announces that the stability region of the MacCormack scheme for the scalar 
advection equation ut = aux + buy is exactly given by 
(a At ~ 2/3 / \ 2/3 
where At, Ax and Ay are the grid distances. This improves upon the result obtained by Wendroff [1] 
and corrects a mistake in it. 
PROBLEM 
Stabil ity analysis is a fundamental  task for devising reliable numerical methods for solving partial 
differential equations. In this note, we announce the exact stabil ity region of MacCorInack's 
scheme [2] for the scalar advection equation ut = aux + buy. 
The MacCormack scheme for this equation is defined as follows. Let Tx and Ty be the trans- 
lation operators, respectively, defined by 
Txu(z, y, t) = u(z +/x~, y, t), Ty~(x, y, t) = ~(x, y + %,  t). 
For notat ional  convenience, let a abbreviate a (At /Ax)  and let b abbreviate b(A~/Ay).  Let 
G++ = I + a(Tz - I) + b(Ty - I), 
G__ = I +a( I -T21)  +b( I -  Ty l ) ,  
a_ .= I+a( I -T~ -1 )+b(Ty- I ) ,  
G+_ = Z +a(Tx-  I) +b( I -  T2~) ,  
M1 = 2( I  + G++G__),  
M2 = 2(I + G_+G+_), 
M = M2M1. 
Then the MacCormack scheme [2] is given by 
u(x ,y , t  + 2At) ,~ Mu(x ,y , t ) .  
This research was done in the framework of the European Union project ACCLAIM. 
R. Liska, B. Wendroff, V. Ganzha nd E. Vorozhtsov put time and effort into clarifying the relationship between 
various results. Many thanks to all. 
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Its amplification m is obtained fl'om M by replacing I, Tx and Ty, respectively, with 1, e i¢ 
and e iv. Now the stability problem for the MacCormack scheme is to find a necessary and 
sufficient condition on a and b such that for all real values of ~ and 7, the absolute value of m is 
not greater than 1. 
SOLUTION 
We announce that the following gives a necessary and suff ic ient condition: 
a 2/3 + b 2/3 _< 1. (1) 
The proof is too long to be included in this letter and will be published in [3]. It is interesting to 
note that the exact stability region of the MacCormack scheme is identical to that of Lax-Wendroff 
scheme [4] proved by Turkel [5]. 
This is an improvement ofthe result obtained by Wendroff [1] which gives the following sufficient 
condition: 
1 a2b 2 + a 2 + b 2 <_ -~. 
Figure 1 compares the region obtained by Wendroff and the exact region announced here. 
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Figure 1. Stability regions. 
The abstract and the last paragraph of [1] remark that, according to sampling, a2 +b 2 -- 0.3266 
works when a --- b. This is incorrect since one can immediately derive from inequality (1) that 
a 2 + b 2 <_ 1/4 ----- 0.25 when a = b. Thus, 0.3266 is outside of the stability region. This mistake 
was communicated by R. Liska and B. Wendroff, who verified the bound 0.25 upon doing the 
sampling correctly. 
In Figure 6 of [6], Vorozhtsov, Scobelev and Ganzha, using a symbolic-numeric method, gave 
a stability region which is quite different from (1). For instance, the region contains 0.3266. The 
authors, after reading a preprint of [3], communicated that their result is incorrect. It was due 
to some errors in their computer program. 
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